Voluntary Control of GSR Using Continuous Visual Display and Simultaneous Changes in Other Autonomic Functions by Boyce, Laurence E.
Eastern Illinois University
The Keep
Masters Theses Student Theses & Publications
1972
Voluntary Control of GSR Using Continuous
Visual Display and Simultaneous Changes in Other
Autonomic Functions
Laurence E. Boyce
Eastern Illinois University
This research is a product of the graduate program in Psychology at Eastern Illinois University. Find out more
about the program.
This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.
Recommended Citation
Boyce, Laurence E., "Voluntary Control of GSR Using Continuous Visual Display and Simultaneous Changes in Other Autonomic
Functions" (1972). Masters Theses. 3890.
https://thekeep.eiu.edu/theses/3890
PAPER GER TIFICA TE #2 
TO: Graduate Degree Candidates who have written formal theses. 
SUBJECT: Permission to reproduce theses. 
The University Library is receiving a number of requests from other 
institutions asking permission to reproduce dissertations for inclusion 
in their library holdings. Although no copyright laws are involved, 
we feel that professional courtesy demands that permission be obtained 
from the author before we allow theses to be copied. 
Please sign one of the following statements. 
Booth Library of Eastern Illinois University has my permission to 
lend my thesis to a reputable college or university for the purpose 
of copying it for inclusion in that institution• s library or research 
holdings. 
�/Z2L9z.? Date 
I respectfully request Booth Library of Eastern Illinois University not 
allow my thesis be reproduced because -----
Date Author 
VOLUNTARY CONTROL OF GSR USING CONTINUOUS VISUAL DISPLAY 
AND SIMULTANEOUS CHANGES IN OTHER AUTONOMIC FUNCTIONS 
(TITLE) 
BY 
Laurence E. Boyce 
::!-
THESIS 
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 
MASTER OF ARTS PSYCHOLOGY 
IN THE GRADUATE SCHOOL, EASTERN ILLINOIS UNIVERSITY 
CHARLESTON, ILLINOIS 
1972 
YEAR 
I HEREBY RECOMMEND THIS THESIS BE ACCEPTED AS FULFILLING 
THIS PART OF THE GRADUATE DEGREE CITED ABOVE 
Sept. 21, 1972 
DATE 
Sept. 21, 1972 
DATE 
ACKNOWLEDGMENTS 
I wish to thank the following members of my committee. 
Dr. Shirley Moore for her knowledge and guidance in the 
. 
areas of general psychology and her superior. skills as a 
proof reader. 
Dr. John Rearden for his help in the areas of learning, 
statistics and experimental psychology. 
And most of all I wish to thank Dr. William McGown 
my committee chairman. Without his superior abilities in 
the areas of electronics, statistics, and experimental psy-
chology, I would not have accomplished as much. 
I also wish to thank other members of the· psychology 
staff whose interest and help were invaluable in ·this project. 
ABSTRACT 
Using 28 male undergraduate university students pro­
vided with continuous oscilloscope display of basal skin 
resistance, this study investigated voluntary control of 
the GSR and concurrent changes in respiration. It was 
found, given feedback, subjects could voluntarily raise 
or lower their GSR. Subjects instructed to increase their 
GSR (N-14) could do so within the first trial session. 
However, subjects instructed to decrease their GSR (N-14) 
required additional practice. With less than 20 minutes of 
practice all subjects were able to reach a criterion of 
2,500 ohms change from their basal level. Subjects in­
creasing their GSR were found to have a significant in­
crease in respiration. However, subjects lowering GSR 
also had a moderate increase in respiration and regardless 
of this increase were able to obtain criterion. There is 
evidence from this study that respiration was not a mediator 
of reaching criterion in both groups. Digital pulse was 
found to change as a function of group but it was not sig­
nificant. 
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INTRODUCTION 
The galvanic skin response (GSR) has been under psycho­
logical and physiological study since the late 19th century. 
Historically, two major methods of measurement have evolved 
for the investigation of this phenomena: (1) Exosomatic 
method (Fe're' method) to measure the resistance of the 
skin to an externally applied current, and (2) Endosornatic 
method (Tarchanoff method) to measure the change in poten­
tial of current in the skin. The characteristics and ap­
plication of these methods may be found in Lindsley (1951) , 
Stewart (1954) , and Thompson, et al. (1966) . 
Several distinct phenomena are usually grouped under 
GSR, aside from the two distinct methods of measurement. A 
more accurate general term to replace GSR would be Electroder­
rnal response (EDR ) ,  or electrodermal activity, since galvanic 
skin response implies that the electrical activity (either 
a change in resistance or potential) is a response to an 
external event. This is not always the case. Electrodermal 
activity may be divided into three major classes of distinct 
phenomenon. 
The first is spontaneous EDR or spontaneous GSR which 
is defined as, the occurrence of a spontaneous endosomatic 
potential of short duration, which will "occur in the resting 
individual and at points uncorreleated in time with specifi­
cally imposed exteroceptive stimuli" (Crider, S hapiro, and 
Tursky, 1966) . The distinction of being spontaneous is based 
2 
on the idea that the stimulus sources are unknown or unimpor­
tant for the conduct of a given investigation. 
The second, Basal Skin Resistance (BSR) , variability 
has been found between subjects in the resistance of the skin 
to an externally applied current. This basal level of resis­
tance will change as a function of "arousal" level, thermore­
gulatory sweating , and other variables (Wilcott, 1963) . As 
example, a subject's BSR will be lower after receiving a shock 
than before receiving it. 
And Galvanic Skin Response (GSR):  the term GSR is most 
accurately applied to situations in which either the resis­
tance or electrical potential of the skin changes as a func­
tion of an event, i.e., a response. As indicated by the 
earliest GSR studies these events may be cognitive, conative, 
emotional, perceptual, changes in mental activity, muscular 
activity and tension, and the general energizing and activat­
ing effects of the sympathethic nervous system. Recent studies 
have investigated the GSR as a measure of "activation level" 
or energy mobilization (Duffy, 1951; Schlosberg, 1954; Duffy, 
1957) and the orienting response (Schnidman, 1970) . In 
either case, the GSR may be defined as a relatively short 
term reduction in BSR, or increase in skin conductance, which 
can be temporally correlated with a discrete internal or 
external event. 
Regardless of the particular electrodermal measure 
being considered, the mechanism underlying electrodermal 
activity is usually reported to be the electrical activity of 
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the sweat glands involving the sympathetic branch of the 
autonomic nervous system, with the center for control being 
in the hypothalamus (Mundy-Castle and McKiever, 1953 ) .  
During experimental conditions, the major factors affecting 
electrodermal activity are muscular activity via local mus-
cular contractions or general tensing of skeletal muscles, 
and the thermoregulatory sweating mechanisms which may be 
• 
affected by evirorunental temperature (Wilcott, 1963 ) .  
Changes in the autonomic nervous system (ANS) have 
been assumed to be independent of voluntary control. Clas-
sical conditioning of ANS functions were demonstrated by 
Pavlov in 1927, (Pavlov, 1960). Prio� to the present time, 
it has been assumed that the ANS is conditioned only through 
classical procedures (Skinner, 1938) .  A similar conclusion 
was reached by Kimble (1961) . 
Within the past ten years many researchers have been 
operantly conditioning ANS functions. The original studies 
in this area were intended to prove there is no real dif­
ference between classical and operant conditioning (Miller and 
DiCara, 1967; DiCara, 1970) . In autonomic conditioning stud-
ies the skeletal muscles were chemically paralized by the use 
of curarine, in an attempt to eliminate possible voluntary 
activity, such as, the tensing of muscles and changes in res-
piration rate. Through this procedure, Miller, DiCara, and 
others have produced operantly conditioned increases and 
decreases in heart rate, blood pressure, intestinal contrac-
tions, control of blood vessel diameter, and rate of urine 
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formation (Dicara, 1970) . While the measurement and obser­
vation of this conditioning has been facilitated by the use of 
curarine, the curare drug is not a necessity for this type of 
.conditioning (Milstead, 1968) . 
By the means of both positive reinforcements (Schnidman, 
1969 ) ,  and negative reinforcement (Schnidman, 1970) , auto-
nomic variables have been operantly conditioned. Additional 
studies have shown that a single subject can be conditioned 
to increase and decrease a given function to different dis­
crim�native stimuli (Miller, 1967) . Autonomic functions 
have also been studied in terms of extinction, retention, 
stimulus discrimination, response specificity. Even more 
recent studies by Shaprio (1964) and Helmer (1968) have ap-
plied operant conditioning to human autonomic responses, and 
Dicara (1970) has suggested that psychosomatic symptoms may 
be the result of operant conditioning. 
The operant conditioning studies discussed to this 
point have not involved the galvanic skin response. The 
first successful GSR study was completed by Fowler and Kimmel 
• 
in 1962 in which an increase in spontaneous electrodermal 
activity was conditioned. Subjects were placed in a darkened, 
sound-insulated room. A square light stimulus produced by. a 
35 mm projector was the reinforcing stimulus. Contingent 
lights were presented immediately after S emitted a GSR 0£ a 
predetermined standard magnitude. 
Katkin and Murray (1968) review GSR conditioning in 
several areas: 
1. Increasing the rate of spontaneous GSR by 
reinforcement. 
2. Decreasing the rate of spontaneous GSR by · 
punishment. 
3. Avoidance conditioning of the elicited GSR. 
Conspicuously absent from these areas is conditioning to 
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raise and lower basal skin resistance and maintain that 
change through reinforcement. The avoidance studies have 
shown that to avoid an adversive stimulus, a subject can be 
conditioned to emit or surpress GSR. It would be logical to 
assume that given positive reinforcement in the form of con-
tinuous or semi-continuous feedback, a subject can raise or 
lower his GSR thereby exerting control over the elicited GSR. 
It appears that augemented sensory feedback, or bio� 
feedback, is necessary for operant conditioning of human 
subjects. In the bulk of the GSR Studies, the feedback has 
been supplied in the form of an intermittent indication of 
success or failure, such as a light corning on when the vari-
able exceeds a certain value. This feedback is usually de-
fined as being one form of reinforcement. 
There have been attempts to provide continuous rein-
forcing feedback for heart rate changes and variability con­
trol. One experiment as reported by Katkin and Murray (1968) 
with positive results employed five subjects. The subjects 
were placed in a dim room and presented alternately with red 
and green lights. During periods when the lights were on, 
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The subjects received high pitched tones for fast heart 
beats and low pitched tones upon emission of slow heart beats. 
During green light periods, subjects were instructed to try 
to produce only low tones. Recognizing their results may 
have been an artifact of learned respiratory changes, the ex­
periment was replicated with subjects trained to breathe at a 
fixed rate and amplitude. It was demonstrated that the pos­
itive results obtained in the first experiment were replicable, 
and that they were independent of changes in respiratory be­
havior (Kimmel and Kimmel, 1963). However, it was reported 
the possibility that the observed cardiac control was medi­
ated by learned changes in muscle tension, however, this re­
mains a problem worthy of empirical research, but according 
to available research data, no continuous analog visual feed­
back has been used in GSR conditioning studies. Other forms 
have been of a digital or intermittent type feedback. This 
seems irregular since it is well established that the occur­
rence of a perceptual event (bell or light) will serve as a 
stimulus for a GSR, as in the orienting response. Under 
these conditions, the occurrence of a reinforcing stimulus 
should facilitate the occurrence of the GSR and interfere 
with attempts to condition suppression and lowering of GSR. 
The use of a continuous feedback should have a definite ad­
vantage in·GSR conditioning, as a continuous signal would 
habituate and elicit little or no orienting response. 
This study is intended to show that human subjects 
can exert voluntary control over their basal skin .resistance 
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level, both raising and lowering this level. To facilitate 
the acquisition of this "autonomic" control, continuous bio­
feedback will be provided. This feedback itself should 
provide continuous reinforcement and will be augmented further 
by the social value attached to this control. It is assumed 
that since this is a novel experience for the subject, the 
control will initially by very general (i.e., involving 
other autonomic nervous system functions), but due to re­
ceiving feedback on only one function will eventually be-
come very specialized. 
In order to test these assumptions, the following 
hypotheses are formulated: 
1. Given continuous feedback of BSR, human 
subjects can voluntarily raise or lower their BSR. 
2. During initial periods of BSR conditioning, 
changes will be observed in respiration rate and 
heart rate. 
3. During terminal periods of BSR conditioning, 
there will be no observed changes in either respira­
tion or heart rate. 
METHOD 
Subjects 
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Subjects to be used in this study were 28 male, under­
graduate university students. All subjects were unpaid volun­
teers. To provide_additiona1 control, the apriori decision 
was made to use only male subjects; a·secondary consideration 
was that the apparatus for holding the respiration sensing 
thermistor would be more compatible to males than females. 
Apparatus 
Galvanic Skin Response 
The galvanic skin response (GSR) was measured by the 
exosomatic method using a direct current of 20 microamperes. 
Standard lead (pb) 1"x3/4" electrodes were placed on the dor­
sal and palmar surfaces of the middle digit of the subject's 
left hand and held in place by a Velero band. The GSR pre­
amplifier (E&M part number 9 3-700-70) allowed for adjusting 
for subject's basal skin resistance and provided inputs for 
recording and visual display. 
Respiration 
Respiration was recorded by means of a thermistor 
placed in front of the subject's right nostril and held in 
place by a flexible attachment to a pair of eye glasses 
frames from which the lenses had been removed. This ap­
paratus registered changes in temperature as a function of 
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respiration, with abient temperature air being inhaled and 
body-warmed air being exhaled. Since this apparatus was 
designed and constructed by the experimenters, a pictorial 
and schematic are included in Appendix A. This measurement 
is fed into a high gain a.c. coupled preamplifier (E&M part 
number 93-300-70) using a time constant of 2.0 seconds. 
Examples of recorded physiograph traces are included in 
I 
Appendix B. 
Photoplethysrnorneter 
The congestion and dilation of subcutaneous vessels in 
the subject's right ring finger are recorded by means of a 
photoplethysmograph (PPG) . The PPG reflected changes in 
blood supply as a function of systolic and dystolic cardiac 
contractions approximating a digital pulse. Rather than mea­
suring a pressure phenomena (i.e., pulse) , the underlying 
principle relies upon transmission of a red light (in the 
range of 7000 to 8000 Angstrom units) by the subcutaneous 
tissue; the amount of light transmitted being a function of 
the presence of cellular components of the blood. Therefore, 
cardiac contractions would force an additional blood supply 
into the subcutaneous vessels (arterial capillaries) and 
subcutaneous tissues, reducing the amount of light trans-
mitted and measured by a sensitive photocell. This appara-
tus was after the design of Devine (1968) with minor modifi-
cations. The schematic for this apparatus is included in 
Appendix c. The recorded measurements of digital blood 
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supply are also noted in Appendix B. 
The signal from PPG was fed into a high gain pre­
amplifier (E&M part number 93-300-70) with a time constant of 
0.03 seconds. For convenience in measurement, only the 
systolic contraction was used in analysis of the data, ig-
noring the possible influences of involuntary vascongestion 
and vasodilation other than from direct cardiac contractions. 
The reported values for the PPG in this study may be more 
accurately viewed as a digital pulse measure. As noted in 
Appendix B, the dystolic and systolic cardiac contractions 
• 
are clearly identifiable. 
Physiograph 
The preceding three measurements were fed through 
their respective preamplifiers to the amplifier circuits of 
a four channel desk model physiograph (E&M model DMP-4A) to 
provide a rectilinear pen-and-ink recording of these mea-
surements. This organization of components is noted in 
Appendix D. A paper speed of .25 cm/sec. was used. A time/ 
event marker channel was used to mark one second intervals. 
An external switch was used to activate the time/event marker 
between trials. By indicating manually the number of elapsed 
minutes at each one minute marker, an accurate time measure , 
was available, plus or minus one second per trial. 
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Visua:l Display 
A visual display of the GSR was accomplished by means 
of a direct coupled d.c. oscilloscope (Heath, model 10-14) 
with a four inch display face. A slight modification of 
the display face was made by adding two red reference lines 
to represent the goal criteria in addition to the normal 
calibrated grid. The GSR was displayed as a continuous 
horizontal line, with the subject's basal level (BSR) dis­
played at the vertical center of the grid. The oscilloscope 
input was obtained from the external pen motor jacks of the 
physiograph (see Appendix E) . To reduce extraneous visual 
cues, the oscilloscope was placed inside a cubical chamber. 
Due to the intensity of the oscilloscope illumination, it 
was not necessary to darken the experimental room; all 
experimental sessions were conducted under equal light illu­
mination. All subjects were seated within one meter of the 
display. Only those subjects whose uncorrected vision was 
sufficiently acute to allow them to clearly see the display 
were employed. 
As each subject arrived for the experimental session, 
he was alternately assigned to either a "raise" or "lower" 
group. This procedure produced a random assignment of sub­
jects to experimental groups. 
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Procedure 
The following instructions read to each subject. De-
pending on which group the subject was assigned to, the in-
structions read either "raise" or "lower", "above" or "be-
low", as indicated in the instructions. 
It has been known for a long time that certain 
people, such as Yogi's can control ·their autonomic 
nervous system simply by thinking about it. With 
your help, we want to show that people besides 
Yogi's are able to do this. This equipment will 
record the activity of your autonomic nervous ac­
tivity. All you need to do is look at the scope 
and move your line above/below the red line shown 
on the scope. This may take some practice, but 
we are sure you can do it. Try to keep your line 
above/below the red reference line. Try to keep 
it spend as much time above/below the line as you 
can. 
It will take us a few minutes to adjust our 
equipment and attach the recording leads, so please 
relax. We will tell you when to begin. Since this 
will require about thirty minutes, we will let you 
rest every three minutes. During the experiment, 
please breathe normally and do ·not move around; 
the equipment is very sensitive. And do not tense 
your muscles. Concentrate only on what you see on 
the scope. We're sure you can do it. Do you have 
any questions? 
As indicated in ·the preceding instructions, the ex-
perimental session was divided into three minute trials. 
The experimental sessions consisted of six trials of three 
minutes each, with an inter-trial interval of two minutes. 
This provided eighteen minutes of actual experimental time 
per subject and an average experimental session of fifty 
minutes, including set-up time. Each trial was terminated 
by the experimenter switching off the signal to the oscillo­
scope so that the d�splay was no longer visible to the 
subject. Each trial was initiated by a reverse procedure. 
As noted earlier, the visual display face of the 
oscilloscope was calibrated to reflect intervals equal to 
the physiograph pen-and-ink recording. The reference line 
on the oscilloscope represented a criterion of 2,500 ohms 
(2.5 K) change in skin resistance level, which is equal to 
13 
a recorded physiograph trace of 2.5 cm, or 5 grid squares. 
The same criterion was used for "raise" and "lower" subjects. 
This procedure allowed the permanent recording of 
GSR which was readily viewed in terms of the criterion. Due 
to the purpose of this study, the measure of criterion achieve­
ment on each trial was the length of time during that trial 
which the subject would meet or exceed that criterion. 
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RESULTS 
To establish that conditioning of GSR has taken place 
across trials, time at criterion in trial one was compared 
to time at criterion in trial six by using a t-test for 
correlated data. Only the total times at criterion for both 
groups was tested. This procedure tested hypothesis I. 
Respiration was recorded as frequency per minute. �o 
provide a uniform measure for each subject during each trial, 
the first complete 20 second interval after the beginning of 
the trial was measured and expanded (x3) to obtain a per min­
ute measure. Prior to the trial a resting respiration rate 
was obtained. The resting rate was subtracted from the during 
trial rate to obtain the difference between resting rate and 
trial rate for use in analysis. 
To reduce variability, all respiration differences were 
transformed by taking the logarithm to the base ten of the 
rate in units, prior to statistical analysis of rates. To 
eliminate infinitely negative logarithms which would result 
from a log transformation of zero changes, one unit was added 
to all rates prior to transformation to logarithm. This pro­
cedure was recommended by Edwards (1950) as the best means of 
obtaining usable logarithms when the original data contained 
zeros. The effect obtained was a logarithm of zero when the 
original number was zero. All logarithms were multiplied by 
a constant of 1000 prior to analysis, to eliminate negative 
sums that would result from the multiplication of fractions. 
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To test hypothesis II the data was analyzed by means of a 
mixed design analysis of variance, with one between and one 
within subjects variable (Myers, 1966) . This produced a sta­
tistical test of the effects of groups (raise and lower) , 
trials, and interactions between groups and trials. The data 
was then tested for homogeneity of variance by Cochran's test 
(Myers, 1966, p. 73). · The degrees of freedom were then re­
duced by one half as suggested by Myers (1966, p. 162) . 
PPG data was analyzed in the· same manner. The expanded 
resting rate on each trial for each subj�ct was subtracted 
from the trial rate to obtain a rate difference. These dif­
ference rates were then converted to logarithm base ten after 
one had been added to each difference. The differences were 
then multiplied by the constant of 1000. An analysis of 
variance was used; a mixed design one between and one within 
(Myers, 1966) to test for significance. The data was then 
tested for significance of heterogeneity (Coc�ran's test) 
and the degrees of freedom reduced as recommended by Myers 
( 1966) . 
Voluntary Control of GSR 
The GSR data for both groups (raise and lower cri­
terion) tested significant on Cochran's test for homog�neity. 
It is recommended by Downie (1959, p. 185) that when data 
test significant for heterogeneity, the degrees of freedom 
be reduced by one half the total degrees of freedom when · 
using a t-test for correlated data. S ubjects attempting to 
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lower their GSR tested significant <i=6.629, 7df, P< .001) • . 
Subjects who were attempting to raise their GSR level tested 
significant <i=2.933, 7df , p  < .05 ) .  
The data for GSR is illustrated in Figure 1 which 
shows the mean amount of time at criterion for each group 
by trials. 
Effects On Respiration 
The analysis of variance on respiration data is pre­
sented in Table 1. There was a significant interaction be­
tween groups and trials (F=12 .126, 3df, p < .01) . A graph 
of respiration data is presented in Figure 2. 
Effects On PPG 
The analysis of PPG data is presented in Table 2. 
PPG mean changes are also presented in Figure 3. There 
were no significant interactions of PPG data. 
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TABLE 1 
Analysis of Variance: Respiration 
Source df MS F 
Between Subjects (S) 27 
Groups (A) 1 721,671 1.540 n.s. 
S/A 26 468,658 
Within s 140 
Trials (B) 5 136,725 8.124 n.s. 
AB 5 204,084 12 .126. 
SB/A 130 16,830 
•p < .01 Level n.s. on � df 
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TABLE 2 
Analysis of Variance: PPG 
Source df' MS F 
Between Subjects (S) 2 7  
Groups (A) 1 416,224 .915 n.s. 
S/A 26 454,878 
Within s 140 
Trials B 5 148,089 3.256 n.s • 
AB 5 17,178 • 378 n.s. 
SB/A 130 45,482 
n.s. on � df 
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DISCUSSION 
Discussion of Results 
To provide an indication that the subject learns to 
control his GSR, the following assumption is made: in the 
absence of feedback and voluntary control, a subject's GSR 
would spend an equal amount of time at criterion in each 
trial; this time would be zero for all trials. Based on 
this assumption, an increase in time at criterion from trial· 
one to trial six would indicate that voluntary control has 
been learned. 
The hypothesis that subjects can exert voluntary con­
trol of GSR when provided with visual feedback is well sup­
ported in this study. The data presented in Figure 1 shows 
an increase in control (time spent at criterion) from trials 
one through six. If the subjects were unable to exert any 
control over GSR the time at criterion would be expected 
to be zero. The maximum time possible at criterion is 180 
seconds (60 seconds x 3 minut�s) per trial. In comparing 
results between "r.aise" and "lower" groups it is noted that 
the "raise" group had less difficulty in obtaining criterion 
than the "lower" group. To avoid confusion it should be 
kept in mind that the increase or raising of the oscillo­
scope line and the increase in pen deflection, represents a 
decrease in skin resistance, allowing the passage of more 
current. This is logically consistent considering experi­
mental situations in which upon presentation of aversive 
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stimulus (i.e., shock) , the (BSR) will decrease. It is also 
logical that a subject should be able to decrease his skin 
resistance by voluntary control and that he will have dif­
ficulty raising his resistance level. As a subject becomes 
excited, his BSR will therefore decrease. The concept of 
excitement is semantically consistent with a raise in the 
oscilloscope line and since the physiograph also records 
decreases in resistance as increases in pen deflection, this 
terminology has been used consistently in this study. Con­
sidering the inherent problems in a subject raising his BSR, 
reduction of excitement level verses time to increase level 
of excitement, it is notable that subjects were able to 
exert control and raise their basal levels of resistance. 
It was also noteworthy that time at criterion achieved by 
both "raise" and "lower" groups increased as trials pro­
gressed. 
Graphically it would be predicted that an extension of 
trials beyond trial six would eventually produce consistent 
criterion perfo�mance in the "lower" group comparable to the 
performance by the subjects in the "raise" group. The 
"raise" group between trials one and six increased their 
mean time at criterion only 36 seconds. The "lower" group 
increased their time at criterion also. As they achieved 
a lower initial mean time than the "raise" group, the lower 
group increased criterion mean time to 98 seconds over their 
initial trials. The "raise" group did achieve more time at 
criterion. However, more learning has taken place in the 
"lower" group. 
The results of the analysis of variance performed 
on the resulting data did not support the hypothesis that 
there would be a decreasing effect on respiration as GSR 
control was learned. The "raise" group increased the dif­
ferences in respiration from basal more than the "lower" 
group. However, it is not consistent to conclude that 
respiration would be the factor raising the GSR level, as 
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the "lower" group also raised respiration rate from basal 
level and simultaneously learned to lower GSR to increasing 
time at criterion. One of the more common arguments is 
that voluntary control of GSR is actually learned use of 
respiration as a mediator of GSR control. It is well known 
that voluntary control of respiration will produce changes 
in GSR. However, this deductive line of thought is not 
consistent with the performance by the "lower" group. Al­
though respiration was shown to increase as trials progressed, 
this may have been the result of one or a combination of any 
of three factors. 
First, the subject may have become anxious about not 
being able to maintain a hightened GSR. This in turn may 
have caused a change in ·the normal respiratory pattern 
(accellerated breathing) . This may also explain the increase 
in respiration.by the "lower" group subjects. The increase 
in respiration rate would have the effect of lowering BSR 
which was not borne out by the results. 
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Second, subjects may have voluntarily raised their 
respiration to increase GSR. However, this was not born out 
in a post test debriefing of subjects. Of the total popula­
tion of 28 subjects only five responded that they thought 
they knew what was controlling the oscilloscope line. Of 
these five only one responded that he thought respiration 
was the controlling factor. And all subjects were instruc­
ted in the pre test briefing that they were to breath nor­
mally. 
Another possible explanation is that respiration was 
conditioned, not GSR. The subjects' slight increase. in 
breathing may have increased his GSR towards a raise in cri­
terion, rewarding the increased rate of respiration. Again, 
this is not consistent with performance by subjects in the 
"lower" group. 
A human subject, while under curarine to reduce 
skeletal activity, achieved results equal to a precurare 
session (Birk, Crider, et al., 1966) . These results have 
limited the notion that autonomic conditioning is the result 
of somatic activity including respiration rate. A conclusion 
similar to the findings of this study. 
The results of the analysis of variance performed on 
the PPG data
.
is equally noteworthy. Other studies have 
found that subjects are able to control heart rate within 
narrow limits when furnished with the required feedback. 
Heart rate may be viewed as a sensitive autonomic measure. 
In this study, subjects when provided with feedback of GSR, 
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were able to lower their GSR independent of heart rate. 
This is best illustrated between trials four and six, Figure 
3. Although the lower group heart rates increased slightly 
from basal, their highest level of achievement was during 
this period, independent of an increasing heart rate. Raise 
subjects appeared to raise their heart rate but not to a 
significant level. This is best shown in trial six when 
criterion was at it highest, mean heart rate had decreased . 
The overview of trials in this analysis suggests that the 
practice effects of the trials (learning) decreases effects 
on heart rate during acquisition of control of GSR. This 
is not consistent with the last two stated hypothesis of 
this study. It seems that initially the control exerted 
through the sympathetic nervous system is very general and 
with reinforced trials becomes more specific. However, non 
reinforced changes (i.e. heart rate) may reach new levels 
without returning to basal rates. Another question arises 
as if this effect could be found in other variables under 
autonomic and sympathetic control'. (vasocongestion, urine 
formation, et al.) , and if these results for heart rate will 
be replicated. 
Discussion of Methodology 
The criterion of 2,500 ohms change in GSR was selected 
a priori as a suitable compromise between the expected abili­
ties of the "raise" and "lower" groups. After analysis, of 
data, it appears that this criterion has been more difficult 
for the "lower" subjects than for the "raise" subjects. 
This may have been an adequate choice for this study but 
further consideration should be given for future research . 
An alternate design may use different criteria for each 
group. 
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Although the initial start of each trial causes an 
increase in GSR due to the subject perceiving the signal on 
the scope, this soon ha.bi tuates. A .. better control �ight 
be leaving the scope signal on during intertrials but set 
at the base line. 
Respiration rate might be pre-conditioned ·prior to 
trials. A paced breathing may be most effective in elimi­
nating breathing as a mediator control . 
28 
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